The role of NADPH oxidase 2 in regulating IL-15 and PGC-1α gene expressions following a period of high intensity interval training:[The original title and the article is written in Persian!] by Baghersad Renani, L et al.
u n i ve r s i t y  o f  co pe n h ag e n  
The role of NADPH oxidase 2 in regulating IL-15 and PGC-1 gene expressions following
a period of high intensity interval training
[The original title and the article is written in Persian!]
Baghersad Renani, L; Ravasi, A A; Shabkhiz, F; Jensen, Thomas Elbenhardt
Published in:
Iranian Journal of Endocrinology and Metabolism
Publication date:
2019
Document version
Også kaldet Forlagets PDF
Document license:
Ikke-specificeret
Citation for published version (APA):
Baghersad Renani, L., Ravasi, A. A., Shabkhiz, F., & Jensen, T. E. (2019). The role of NADPH oxidase 2 in
regulating IL-15 and PGC-1 gene expressions following a period of high intensity interval training: [The original
title and the article is written in Persian!]. Iranian Journal of Endocrinology and Metabolism, 20(5), 263-272.
Download date: 09. Oct. 2020
293/Iranian Journal of Endocrinology and Metabolism Vol 20 No.5 December-January 2019
Original Article 
The Role of NADPH Oxidase 2 in Regulating IL-15 and PGC-
1
 Gene Expressions Following a Period of High Intensity 
Interval Training 
 
Baghersad Renani L1, Ravasi AA1, Shabkhiz F1, Jensen T.E.2
1Department of Physical Education and Sport Sciences, University of Tehran, I.R. Iran, 2Section of Molecular 
Physiology, Department of Nutrition, Exercise and Sports, University of Copenhagen, Denmark 
 
e-mail: L.baghersad@gmail.com 
 
Received: 09/10/2018  Accepted: 06/01/2019 
Abstract 
Introduction: Following trainging, Reactive Oxygen Spices (ROS) play a crucial role in the 
regulation of signaling pathways and adaptions in skeletal muscle, including mitochondrial 
biogenesis and improvement in insulin sensitivity a ROS-induced physical activity can also 
stimulate myokine production in skeletal muscle. The aim of this work was hence to investigate the 
role of NADPH Oxidase-2 (NOX2), the main source of ROS generation, in contracting muscle in IL-
15 gene expression, as well as anychanges in PGC-1, as a key regulator of mitochondrial 
biogenesis, following a period of High-intensity Interval Training (HIIT). Materials and Methods:
Mice were divided into four groups: Wild type (WT) control (WTc) and training (WTt), NOX-2 
deficient (ND) control (NDc) and training (NDt). Training groups performed 6-week HIIT, including 2-
min running intervals with 100% of their maximum running speed and 2-min rest with 30% of this 
speed for a total of 60 min; speed was increased 1m/min each week. IL-15, PGC-1 and NOX2 
mRNA levels in gastrocnemius muscle were analyzed using Real time. Results: Basal levels of IL-
15 mRNA in NDc group were significantly lower than the other groups. Relative gene expression in 
WTc, WTt, NDc and NDt changed for IL-15 1, 1.15, 0.49 and 0.99 and for PGC-1 1, 1.73. 0.76 and 1.4 
times, respectively in WTt. Post-training muscle PGC-1 mRNA levels increased significantly. 
Conclusion: Results indicate that IL-15 gene expression in mouse skeletal muscle is dependent on 
NOX2. And apparently NOX2 deficiency may result in impaired PGC-1 expression and 
subsequently diminished mitochondrial biogenesis. 
 
Keywords: Reactive oxygen spices, NADPH Oxidase 2, IL-15, skeletal muscle, High intensity interval 
training 
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  -W"% >2%EA E%  E-G
 EC80-
 #4 A - E.
i -Rapid cervical dislocation 
ii -Gastrocnemius 
iii - Glyceraldehyde 3-phosphate dehydrogenase housekeeping 
 ~jRNA <&]% + /w 
<2' 
)Invitrogen, Cat. 15596018 M02%=(bR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- ,W /-+ . X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9# .R!
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 +Invitrogen 
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%
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 /- -
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 $&0G% E
5?	 E% 65#
 <R 
  A 1=50E%  ?	42#
  A=  E%  U" d	&'70#
 [-% 
 A15.A ,W ?	 .cDNA . 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 
E%  E-G
 /w 1%+ ' /-%=20- # A
4 - E .
U"Real-time PCR /4 + /w 
 
7900HT Sequence Detection System  )Applied 
Biosystems-02%= (yD ECTaqMan 7 +
Thermo Fisher - ,W . XG& 
 b
a% .
yD [j*% <-#  /- /w EC2/- r -
. .2% X2DPCR BW; 
 23 i&j% 20
- ,W [&  2 
 0% :<G E+UNG 
E%50 # ?	  [-% 
 A E% 95
 # [-% 
 A200' %   _45
. X% ciE% 95 # 
 A
  _ t2 [-%Annealing E%60 # A
 [-% 
20_ .1Y 1
 1%&% EC 
 .R! Ga% 
/AWTc b2w' 
@CT 1YGAPDH + /w 
 
<&%2-@@CT - R]%.
!2-C(5 8DE
 (+(5  TaqMan 4 F5  %$)  
GeneBank 
Code 
Primer sequence Assay ID Catalog # Gene 
Symbol 
AK002273.1 GGCAAATTCAACGGCACAGT F:
R: TAGGGCCTCTCTTGCTCAGT 
Mm99999915_g1 4331182 Gapdh GAPDH
AK033570.1 F: TAGGGAGAGTCAGGCCATTCT
R: GTGTGGTGCTTTCCTTTCTGG 
Mm01287743_m14453320 Cybb NOX2 
AK085441.1 F: AGAAGAACACTTGGGAGCGAG
R: GGTCCACACAAAGGGGGATT 
Mm00434210_m14331182 Il 15 IL-15 
AB061324.1 F: GCCATATCTTCCAGTGACCCC
R: CAATGAATAGGGCTGCGTGC 
Mm01208835_m14448489 Ppargc1a PGC1

---  --- -4444557 
TaqMan Fast 
Advanced Master Mix 
 4% [& 
 [ ±r G% u]
/- . .uA&& 1&%+= + Mdii )K-S (E

 
 <%/ >2+&' 1&
C1& 1&%+=iii E

V2 1&
 1!C 
 C- /w .BC "c 

t2 E&= 1&%+= + CA  
 [' !2?% &S"%
iv &' R?G' 1&%+= v/w-2A . 2 %'
, + /w 
 E%= [ SPSS j!23,W
% ka E"G05/0<P- A S .
$A 
1Y R! 1
 ECIL-15 PGC1-)NOX2 
'' 
 &	 I&  EC123/ 1* -
/-..
i- Denaturation 
ii- Kolmogorov-Smirnov 
iii- Leven 
iv- One-way ANOVA 
v- Tukey 
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' 1-
 *; /AWTt :-2- 
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' 1-
NDt :
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mRNA (  . H'  I 3 >5 4 F5  HIIT 
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' 1-
 *; /AWTt :-2- 
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 *; /ANDc :/ANox2-deficient  2' 1-
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/ANox2-deficient -2- 
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,    	 
   
 

+	 3-	 G  NOX2 mRNA (  . H'  I 3 >5 4 F5  HIIT 
WTc : 2' 1-
 *; /AWTt :-2- 
"'  2' 
 *; /ANDc:/ANox2-deficient  2' 1-
NDt :
/ANox2-deficient -2- 
"'  2' 
 
[w'  t2 V2 = E%= 1&%+= "G%
 1Y 1
IL-15 /A &	 INDc 2 
 .R! 
/A UCHD EC 1* )001/0GP(.1Y  2 2D o&a
 
 .R! E"G% & 
 /A  2 WTc )001/0<P(
 rD&
 ' .BC&	 I   2&2%  2 1Y 1
  "c
 + VD6wCHIIT /A  C WTt NDt 
 .R!
/A EC -C C .2 U2 m'&Y . U2  2
 [&;WT"G%z)396/0P=(/A  % 
"G% tH!')001/0P=(&
.
& 
 #&' 
2+ VD 6wCHIIT R! 1

PGC-1).2 U2 /A  C  &	 I . 2
 3"' U2 8&% /A ECWT"G%)048/0P=(
&
 .'&YmE"G% _')792/0P=( 2 2D o&a 

.- 1Y.
1Y 1
 q; UCHD NOX2  VD &	 I+
6wCHIIT /A  EC1&%+=  2 cA .2 U2
&R "G% U2 .-?%P/A  
 ECWTND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)807/0P=(+ VD o&a 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 1= .
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;
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A S  /-+ EC
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= 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I
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 /&
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&
 
+ . " !
 +&"C .R}% _=  2 . 2
"

 B2= U? 
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I `R?  ; E-&'
  2&2%IL-15 
 22-"&% Y&
 t2]' 
  
/ t2 <RHIIT - ,W .&S"% 
   2 +

 2 0 b	  tH!' [&; + B2=
 1Yp47Phox )S"' -;2+NOX2 (1=  Cu9; /-
 /w &
-2A.
B3% 
  2 q; UCHD 2  2'MM
  &MMM 1Y 1
IL-15 
 !
NOX2 . . 2 R! 1
 2D o&a
&; d tH!' [&;   2&2% &G% [
/
/
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/
WTc                   WTt                    NDc                     NDt 
R
!
1


1Y
N
O
X
2
(F
ol
d
ch
an
ge
)
D
ow
nl
oa
de
d 
fro
m
 ije
m.
sb
mu
.ac
.ir 
at 
0:3
5 +
03
30
 on
 W
ed
ne
sd
ay
 S
ep
tem
be
r 2
3rd
 20
20
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 
 ! "IL-15 #$%NOX2  &'( 
) "*+,
&
 .B2= 0  s? W2 42 1
 
NOX2 
1
 dGI' #&%IL-15 -. 2&2%  3% U? C
8+  ; 1-
 X B!&
%  %?%  %? EC
% w2-"".2122 -&'  
 02 iR'ROS  2&2% -
/- 3"*D 8+  ; C..10 ROS %
 -"&'
h? 1
 EC&!2& 
 $!;V   
<G W 2&2 E+-& 
3 EC .[Ga%
  -"!C 2S  2 -2&% !ROS %5]% -"&'
 2&2% -&' 8+ 
 ZD  0 I  C
-"
.1123 2D o&a   C   2&2 EC
IL-6 IL-1IiTNF-)t2 + VD;% c E&
 <R 
60+ u%X0% E;  %2 ECAC
E.2 UC [- 
 0+z B  .11 
10C  * E42 
*% Ga%ii )2004 (- 1*
k' IL-6 + VD 1% 0 I +28u% +
 %2 ECCE.   
 %?% 8+
- d	&% X% & 1*  h? /-"CIL-6 
 !

ROS . 8+ 
 ZD .23 BC1
  "cIL-6 
8&% 
c .
 1Y  s? 
 ECNOX- 3% .24 
E"Cr&-10C   2&4iii )2016 (D -"2 + V
3%NOX2  >R"% 1&" 
 ROS  ; E-&'
 1
 I `R?IL-6 UC 8&% 0 I 
.2.25 1=-&'  - 3"*D CROS + NOX2 
1
 E
IL-6 k' 8+ ,4"C 0 I + 1=
. Eq .2  2 ^&W%  U? CROS 
 
&" 2&2% -&' /-""? 1<"4 a   C C 
% 1* 0 I  <&-"C .2 ECGa% E
q; % 1* <G  -"C E+NOX2 h? %+@
 1
IL-15 . 0 I + .
+ VD6wCHIIT o&a IL-15 mRNA I 
&	 /A  C /A [&; 
 .R! Ga% &%
-C .2 U2 ./A  cA U2  2WTc
  

  -; tH!' [&; /A  % &

&
 "G% .BC/A   
 E"G% [w'  "cWTt 
NDt -* /-C*% 1Y  2 1
 1%  .S 
  2
"

%# 
 - 1Y  s? &NOX2 UC W  
i - Tumor necrosis factor-alpha 
ii -Fischer CP, et al. 2004 
iii -Henríquez-Olguín C, et al. 2016 
ROS 1
 h? E
 ]% 1&" 
 `R?  ; E-&'
IL-15
  2'   2 1R# #&% .!&' /- A
r# ' & s? o&a IL-15 mRNA /A 
NDt + VD6 2' wC 2&2%  2 2D o&a 
 R2?'
 /A WTc 

 -.
1Y 1
 ' 
 a
  wj% [A  & 

IL-15  &#  2'  8+ + VD .[Ga% 

 o&a  E' /-C*% 
 b&%IL-15 mRNA I
--*  2' / t2 <R 
 0.2627 U2 142
 t2 <R 
   2&2%  2 1
;%* 8+  1
-.2829 + VD 42 E& +51
 %?%  2' wC
 1YIL-15  G [IFHLiv [UC B EC
 ;  .2 2&2%  2  g'D I o&a
.2 U2.30 10C   ! Ga% v)2007 (
E&MMMM]%IL-15 mRNA R#  3D I vi 24
D . t2 + V;%  - .R}% BS"' %?% 8+
; 1=  C648/-C*% E' 1= + VD .
-0.28 o&a  
 4!RC ,-  E42 [Ga%
  g'DIL-15 mRNA / 1* -263031 '- 
/-""3% +  EC!2& #'  &#&% E
&' 1YIL-15 . .% S 
  & 
  -
& 1%+   2' [!#  
 + I .
 + E

2  2 
 9A_' X%&. [w% EC . cA
 / t2 <R 
  2&2%  2 1
 q; Ga%HIIT 
<;  2 
 .2 U2IL-15 mRNA  I 
 -&'
&"8 _= +  1 o&a 
 dj% "2' EC
  g'DIL-15 -
 I 1.31 
  2
"

b	 / t2 _ 'HIIT 
IL-15 /+- -"%+ EA
.  2&2%  2  g'D o&a.
E&]% U2 E-"&%)BW;  -G' (+ 02
EA+ +  /- .
_ ECHIIT 0 I 
 &'-! .| &R3
 
 a
   ." %-
MM&.20 PGC-1)BC t2<G /-""!2& 1YEC
. 22-"&% Y&
  Vw"'  A20 <R 

 8+2--32 %?  2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Abstract 
Introduction: Following trainging, Reactive Oxygen Spices (ROS) play a crucial role in the 
regulation of signaling pathways and adaptions in skeletal muscle, including mitochondrial 
biogenesis and improvement in insulin sensitivity a ROS-induced physical activity can also 
stimulate myokine production in skeletal muscle. The aim of this work was hence to investigate the 
role of NADPH Oxidase-2 (NOX2), the main source of ROS generation, in contracting muscle in IL-
15 gene expression, as well as anychanges in PGC-1, as a key regulator of mitochondrial 
biogenesis, following a period of High-intensity Interval Training (HIIT). Materials and Methods:
Mice were divided into four groups: Wild type (WT) control (WTc) and training (WTt), NOX-2 
deficient (ND) control (NDc) and training (NDt). Training groups performed 6-week HIIT, including 2-
min running intervals with 100% of their maximum running speed and 2-min rest with 30% of this 
speed for a total of 60 min; speed was increased 1m/min each week. IL-15, PGC-1 and NOX2 
mRNA levels in gastrocnemius muscle were analyzed using Real time. Results: Basal levels of IL-
15 mRNA in NDc group were significantly lower than the other groups. Relative gene expression in 
WTc, WTt, NDc and NDt changed for IL-15 1, 1.15, 0.49 and 0.99 and for PGC-1 1, 1.73. 0.76 and 1.4 
times, respectively in WTt. Post-training muscle PGC-1 mRNA levels increased significantly. 
Conclusion: Results indicate that IL-15 gene expression in mouse skeletal muscle is dependent on 
NOX2. And apparently NOX2 deficiency may result in impaired PGC-1 expression and 
subsequently diminished mitochondrial biogenesis. 
 
Keywords: Reactive oxygen spices, NADPH Oxidase 2, IL-15, skeletal muscle, High intensity interval 
training 
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